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TRANSONIC F L I G H T  TESTS TO DIETERMINE ZERO-LIFT DRAG AND 

PRESSURE RECOVERY OF NA(sEu;ES LOCATED AT THE 

WING ROOT OH A 45O SWEPTBACK W I N G  

By Sherwood Hoffman and  Austin L. Wolff 

The  zero-lift drag of a sweptback sting and body  configuration  with 
nacelles  was  determined  by  flight  tests of rocket-propelled  models at 
k c h  numbers  from 0.8 to 1.3 .  Tests were  made  of  solid  and  ducted 
nacelles  located  at  the wing root and were  compared  with  previous  tests 
of the  nacelles  at  the wing tip.  Ground  tests  were  made of a ducted 
nacelle  to  calibrate  the flow in  the  duct  at  supersonic  speeds.  The 
wing had a sweepback  angle of 45O along the  quarter-chord  line, an 
aspect  ratio of 6.0, a taper  ratio  of 0.6, and an NACA 63009 airfoil 
section in the  free-stream  direction.  The  fuselage  fineness  ratio was 
10.0. The  solid and ducted  nacelles had fineness  ratios of 9.66 and 
8.73, respectively. 

The  nacelle-plus-interference drag rise was in general  dependent 
on the  nacelle  location and in part dependent on the  resulting  rate of 
development of cross-sectional  area  of the aircraft configuratson. 
Little or no unfavorable  interference  effects  were  obtained  from  the 
inboard  nacelles  above  Mach  number 1.05 and below  Mich number 0.93, 
whereas,  favorable-interference was obtained  from  the  wing-tip  nacelles 
throughout  the  speed  range. The d n g  and body had a negligible  effect 
on the  total-pressure  recovery  of  the  inlet  diffuser in either  the 
inboard  or  wing-tip  nacelle  positione.  The  total-pressure  recovery 
from  the  nacelles w a s  38 percent  at a mass-flow ratio  of  about 0.7 
throughout the flight  rauge.  The  drag-rise  Mach  number of the  con- 
figuration  wfth  inboard  nacelles was 0.93, which was about 0.03 &ch 
number  lower  than  that  for  the  configuration  nith and without  the wing- 
tip  nacelles. 
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INTRODUCTION 
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. 
As  part  of a general  transonic  research  program  of  the  National 

Advisory  Committee  for  Aeronautics to investigate  the  aerodynamic 
properties  of  promising  aircraft  configurations,  the  Langley  Pilotless 
Aircraft  Research  Division  (at  its testing station  at  Waliops  Island,  Va. 
has tested  several  rocket-propelled  free-flight  models  to  determine  the 
variatione  of  zero-lift  drag  coefficient  with  Mach  number  for a high- 
aspect-ratio-wing-body  configuration  with  nacelles  located at various 
positions on the wing. The  preliminary  tests  were  conducted  without 
air  flow in the  nacelles on the  premise  that  the  variations  of  nacelle- 
plus-interference drag coefficient  with  &ch  nuniber  would be the  same 
for  the  solid  and  ducted  nacelles. This premise was supported  by  tests 
of so1id.d ducted  nacelles  located  at  the  wing  tips  of  the  configura- 
tion  (ref. I). Drag  data  for  the so l id  nacelles  located in various 
spanwise,  chordwise, and vertical  positions  on a 45' sweptback  wing  of 
aspect  ratio 6.0 were  published in references 1 to 7. 

This  investigation was undertaken  to  determine  the  aeroayaRmic 
properties  of a nacelle  located  at  the  wing  root of the  bssic  configura- 
tion and to compare  the  nacelle  properties  with  the  results  from an 
earlier  inveetigation  (ref. 1) of  the  nacelle  tested  at  the wing tip. 
Data from  tests  of  isolated  nacelles  obtained in this investigation 
and from  reference 2 are  also  presented in order to determine  the  effects 
of  interference on the  nacelle drag and inlet  pressure  recovery. 

The  inlet of the  nacelle  consisted  of a,n mACA 1-50-250 nose  inlet 
with a critical  Mach  number  above 0.9 and a conical  subsonic  diffuser 
that had a total angle  of 7'. The  nacelle was praportioned to home an 
axial-flow  turbojet  engine  (about 50 inches in diameter, full scale) 
with an afterburner . 

Because  of  the  lirnited  number of  telemeter  channels  that  could  fit 
into  the  flight  model,  measurements  of  total-pressure  recovery and static 
pressure  were  obtained  from  three  total-pressure  tuBes an$ one  static- 
pressure  orifice  located  near  the  end  of  the  diff'user.  Preflight  jet 
ground t es ts  were  made  of an isolated  nacelle  (also  reported  in  ref. 1) 
in order to calibrate  the  internal flow at  Pllach  number's of 1.22, 1.42, 
1.n, and  approximat+y 0.8. 

The  flight  tests  covered a continuous  range of Mach  number from 0.8 
to 1 . 3 ,  with  corresponding  Reynolds  numbers,  based on wing mean aero- 
dynamic chord,  varying  from 4 X lo6 to 8 X lo6. 
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area in duct or cross-sectional  area, ~q f t  

tangential acceleration,  ft/sec2 

wing span, ft 

total drag coefficient, based on wing plan-form area 

nacelle-plus-interference drag coefficient,  baeed on nacelle 
frontal  area a 

wing chord,  ft 

acceleration  due to gravity, 32.2 ft/sec2 

total  pressure, lb/sq ft 

average t o t a l  pressure, lb/sq ft 

length, f% 

Mach number 

mass flow through duct,  slugs/sec 

mass flow through a stream  tube of area equal to  inlet  area 
under free-stream conditions, slugs/aec 

static presmre, lb/sq ft 

dynamic  preesure, lb/sq f t  

Reynolds number, based on wing mean aerodynamic  chord 

l o c a l  radius of duct, in. 
radius of equivalent body of  revolution, ft 

total wing plan-fora mea, sq ft 

frontal area of one nacelle, sq ft 

weight of model durfng deceleration, lb 
- 

angle  between fUght path and horizontal,  deg 



Y ratio  of  specific  heats 

X stat  ion 

Y ordinate, or location of total-pressure  tube  measured  from 
center  line  of  duct 

Subscripts : 

0 free  stream 

d measuring  station in duct 

i inlet 
e 

f Fuselage 

Details  and  dimensions  of  the  flight  models and nacelles  used in 
this  investigation  are  given in figures 1 and 2 and  tables I to V. The 
cross-sectional area distribution8  and  equivalent  bodies  of  revolution 
of  the  models  tested  and of the  configuration  with  wing-tip  nacelles 
from reference 1 are presented in figure 3 .  The  amount of area  sub- 
tracted from the  ducted  nacelles in figure 3 to  compensate  for  the 
internal flow is e q w  to  the  stream  tube area at  the  mass-flow  ratio 
measured  at Mach number 1.0. Photographs of the models are shown as 
figure 4. 

Basic  research  configuration.-  The  uing-body-fin  conibination was 
s i m i l a r  to  those  investigated Ln references 1 to 7. The  wing had a 
sweepback  angle  of 45' along  the  quarter-chord Une, an aspect'  ratio 
of 6.0 (based  on  total wing plan-form  area) , a taper  ratio of 0 . 6 ,  an& 
an NACA  @A009  airfoil  section in the  free-stream  direction.  The 
leading  edge of the wing intersected  the  fuselage  contour  at  the 
maximum-diameter  station.  The  fuselage  fineness  ratio  was 10.0 and 
the  ratio  of  total wing plan-form  area  to  fuselage  frontal  area was 16.0. 

Nacelles.- A comparison  between  the s o l i d  nacelle and ducted  nacelle 
I s  given in figures  2(a) and 2(b) .  Each  nacelle was a body of  revolu- 
tion  having an NACA 1-50-250 nose  inlet, a cylindrical  midsection, and 
an afterbody having the proportions  of form U l  (ref. 1). The  fineness 
ratios of the  ducted  nacelle and sol id  nacelle  (including  nose  plug) 
were 8.73 and 9.66, respectively. 
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For  the  flight  model,  the  center lines of the  nacelles  were  located 
in  the wlng plane  parallel to the  free-stream  direction  at  about 15 per- 
cent of the  semispan  (fig. 1). The nose of the  ducted  nacelle was 
located  at 40.5 percent of the  local wing chord in front of the  wing 
leading edge. This chordwise  location  with  respect to the wing maximum 
thiclmess was the same as that  used  for  other  spanwise  nacelle  locations 
in references 1, 3, 5, and 7. There was about a 0.35-inch  gap  between 
the lip of  the  nacelle  and  the  fuselage  surface  for  boundary-layer 
bypass.. 

The  inlet of  the  nacelle  duct  (fig.  2(d))  consisted of a conical 
diffuser  with a 0.03-inch l i p  mdius, a t o t a l  angle of 70, and an area 
ratio (&/Ai) of 1.42:l. Three  total-pressure  tubes and one  static- 
pressure  orifice  were  located  about 0.5 inch behind the  diffuser. The 
total-pressure  tubes  were  located  at 0, 0.67, and 0.83 radius from the 
duct  center  line.  The  inner  body  of  the  nacelle,  which was formed  about 
that  part of the wing passing  through  the  duct, was a two-dimensional 
strut having a leading-edge  radius  of 0.335 inch and a thickness  ratio 
of 8.4 percent  (table 111). The  duct was contracted in the  afterbody 
of  the  nacelle to have its minimum area  at  the exit. The  exit area 
was approximately 82 percent of the  inlet  area. 

The  isolated  nacelle used for  the  preflight  jet  tests  (fig. 2(e)) 
w-as similar  to  the  ducted  nacelle on the  flight model, except  that  the 
inner bow in the cylindrical part of  the  nacelle was omitted. Four 
total-pressure  tubes  were  mounted on a synmetrical  circular-arc  strut 
and  located  at 0, 0.42, 0.67, and 0.88 radius f r o m  the  center  line of 
the  duct, as is shown in  figure 2(e). The  static-pressure  orifice  and 
total-pressure  rake  were located 0.5 inch behind  the  diffuser. 

The  flight  tests  and  preflight  jet ground tests  were  performed at 
the  Langley  Pilotless  Aircraft Resemch Station at  Wallops Island, Va. 

During  the  tests  the Reynolds nuniber  varied  from  approximately 
4 X 10 at M, = 0.8. to 8 X 10 at = 1.3 for  the flight tests 
and from  about 4 X m6 at E& = 0.8 to 10.2 X 10 6 at % = 1.75 for 
the  preflight  jet  tests as is shown in figure 5 .  

6 6 

Flight  test .- Each  flight  model was propelled by a two-stage  rocket 
system and launched  from a rail  launcher  (fig. &(a)). The first  stage 
consisted of a 5-inch,  lightweight,  high-velocity  aircraft  rocket  motor 
that  served  to  accelerate  the  model  from  rest to high subsonic  speeds. 
After  burnout of the  first  stage,  the  booster  separated f r o m  the model 
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and a 3.25-inch Mk 7 rocket  motor  installed in the  fuselage.  (second 
stage)  accelerated  the  model  to  supersonic  speeds.  The  models  were 
tracked  by a CtT Doppler  velocimeter  and an IWCA modified SCR 584 
tracking radar unit  to  determine  the  deceleration  and  trajectory  during 
coasting  flight. A survey of atmospheric comtions was made by 
radiosonde  measurements  from an ascending  balloon  that was released 
at  the  time  of  launching. A four-channel  telemeter  installed  in  the 
nose of the  fuselage  transmitted a continuous  record of total-pressure 
and  static-pressure  measurements f r o m  one of the  ducted  nacelles  to a 
ground receiving  station. 

- 

The values  of,  total drag coefficient,  based on total-wing  plan-form 
area,  were  calculated  for  decelerating  flight  by  the  relation 

The  nacelle-plus-interference drag coefficient was obtained  from 
the  differences  in  drag  between a model  without  nacelles and a model 
with  nacelles.  This  coefficient,  based on nacelle  frontal  area,  is 
expressed  by 

Preflight  jet  tests.- The preflight Jet is of the  blarilown,  open- 
jet type and  can  be  fitted  with various nozzles  for  testing  at super- 
sonic  and  subsonic Mch numbers. A description  of  the  preflight  jet 
and  the  testing  technique  is  given  in  reference 8. 

.. 

The  ground  tests  of  the  ieolated  nacelle  were  made using the  8-inch 
Mach  number 1.22, 1.42, and 1.75 nozzles. Although  the  nacelle was 
large rehtive to  the.nozzle,  shadowgraphs  (fig. 6 )  show  no  disturbances 
from the  nozzles  entering  the  inlet.  Since a subsonic nozz:le was not 
available  for  these  tests,  the  8-inch  Mach  number 1.22 nozzle was 
operated  at  subcritical  pressures and under  steady-state  conditions 
in order to determine  the f low characteristics  in the nacelle  at 8 
Mch number  of  approximately 0.8. 

at  the  test  lkch  numbers  with  the  following  expressions: 
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where m, is the mas6 flow  through an area  equivalent to the  inlet 
area  under  free-stream  conditions. 

Accuracy.-  The  accuracy of  drag coefficient and Mach  number  for 
the flight tests  was  established  from  tests  of  three  identical  models 
i n  reference 4. The e m r  in pressure measurements for  the  flight 
tests and preflight  tests was based on the  accuaracy  of the instrumenta- 
tion  used. A list of the errors  baeed on the above considerations  is 
given as follows : 

CD (0.8 I M 50.93 a d  1.03 I M 5 1-30) . . . . . . . . . . .  fo.oOO4 
CD (0.93 < M <  1.03) . . . . . . . . . . . . . . . . . . . .  *.OOl 
% (0.8 I M < , 0 . 9 3  and 1-03 S M < , 1 . 3 0 )  . . . . . . . . . . . .  m.05 
CD, (0.93 < M < 1.03) . . . . . . . . . . . . . . . . . . . . .  fo.10 
M, . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  oil5 
% . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  fo.01 
Ha/% . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  *.or 
p/& . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  io.015 
m/Q . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  s . 0 5  

The  error in % may be large relative to the  measured  values; 
however,  values of % less than the drag coefficient of the  isolated 
nacelle  usually  indicate  the  presence of favorable  interference  effects. 

D r a g . -  The variatione of total drag  coefficient with &ch number 
for  the models tested  with  the inboard and wing-tip nacelles  (ref. 1) - 



and  for  the  basic  wing-body  configuration  are  presented  in  figure 7(a). 
The  nacelle-plus-interference drag coefficients  and  the drag' coefficients' 
from flight  tests  of  the  isolated  solid  nacelle  (ref. 2) are  compared in 
figure 7(b). The  internal drags of the  ducted  nacelles  were  found to be 
of negligible e t u d e  and,  hence,  were  not  subtracted from the  vslues 
of CD and Cw that  are  presented f o r  the  ducted  nacelles. The maximum 
measured value of  the  internal-nacelle  drag  coefficient  (based on nacelle 
frontal  ares) was only 0.02, which  value  is  less  than  the  experimental 
accuracy  of  the  test  measurements.  The  external  drag of the  isolated 
ducted  nacelle was not  obtained  from  the  ground  tests,  but was estimated 
from  reference 9 to  be  slightly less than  that  of  the  isolated  solid 
nacelle  between  Mach  numbers  of 0.8 and 1.15 and somewhat &eater  above 
E9 = 1.15 for  the  mass-flow  ratios  given in figure 8. 

r 

c 

When  the  solid or ducted  nacelles  were  Installed  at  the wing root, 
there  was a large  Increase in the  total drag  of the  configuration  above 
a Mach  number  of 0.93 (fig. 7( a) ) . The  total  drag from the  solid 
nacelle was slightly  less than that  from  the  ducted  nacelle  at  Mach 
numbers  greater  than 1.0 and somewhat higher between  Mach  numbers 0.94. 
and 1.0. A comparison  of  the d r a g s  from  these  nacelles  with  that from 
the  isolated  nacelle. in figure 7( b ) shows that  large  unfavorable  inter- 
ference  effects  were  obtained  from  both  inboard  nacelles n- Mach  num- 
ber 1.0. The nacelle drags above M = 1.05 were  approximately  equal 
to  the  drag  of  the  isolated sol id  nacelle. No unfavorable  interference 
effects  were  obtained from either  the  solid or  ducted  nacelles  below 
Wch number 0.93. 

The comparison  of  nacelle  drags  presented in figure 7(b) for  the 
nacelle8  tested  at  the w5ng root and at  the wing tip (ref. 1) shows 
that large changes in interference  effects may be  obtained  by  changing 
the  nacelle  location,  especially  near  Mach  number 1.0. A similar 
observation was =de in  reference 2, which a U o  showed  that a  transonic- 
area r u l e  may be  used  to  predict  the  effect  of  nacelle  location- on the 
nacelle-plus-interference  drag  rise  through  the  speed of sound.  The 
transonic  area  rule,  which was first  presented inreference'.lO, states 
simply that  the drag rise near the  speed  of sound is m a h l y  dependent 
on  the  rate of development of cross-sectional area of the  configuration. 
To aid in the  application of this  concept,  the  cross-sectional m e a s  of 
the  wing-body-nacelle  combinations  tested in this  investigation  and in 
reference 1 m e  given  in  figure 3. The  amount  of  area  subtracted  from 
the  ducted  nacelles i n  figure 3 to  compensate  for  the  internal  flow  is 
equal  to  the  stream  tube  area  at  the  mass-flow  ratio  measured  (fig. 8) 
at  Mach  number 1.0. 

C -  

It is  evident from figure 3 that  the models with  the  inboard  nacelles 
have a more  rapid  rate  of  development  of  cross-sectional  area and a 
greater maximum cross-sectional  area than the  models with the  wing-tip 
nacelles. Then, according  to  the  transonic  area d e ,  it would be . 

. 
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expected  that  the  nacelle drag rise  should  be  reduced  by moving the 
nacelle f r o m  the wing root to  the wing  tip. This effect was obtained 
and  is  shown in figure 7(b). The  unfavorable  interference  drag  from 
the  inboard  nacelles w-as eliminated and favorable  interference  effects 
were  obtained  near  Mach  number 1.0 by morLng the  nacelles  to  the wing  
tips.  The  wing-tip  nacelles  experienced  no  drag  rise  at  transonic 
speeds and  had significantly  lower  drag,  due  to  favorable  interference, 
than  the  inboard  nacelles  at  supersonic  speed^. This reduction of 
nacelle  drag may be  due  to  either lese nacelle-fuselage  interference 
at  the wing tips  than  at  the  inboard  position  or a favorable  end-plate 
effect  from  the  wing-tip  nacelles or both. 

At the  beginning  of  this  investigation,  the  inboard  nacelle of 
reference 3 w m  moved  from  the  18-percent  to  the  15-percent  semispan 
station in  order  to  obtain  the flow characteristics of the  inlet  located 
very  near  the  fuselage. This slight  movement  of  the  nacelle  made  the 
nacelle  intersect  the  fhselage and resulted in a slight  decrease in 
cross-sectional  area  development  of  the  configuration,  but  caused a 
large  increase in drag near  Mach  number 1.0, indicating a Ymitation to 
the  transonic  area  rule.  The  increase  in drag evidently was due to 
unfavorable  interference that resulted f r o m  the  acute  intersections 
between  the  fuselage and nacelle. 

The  drag-rise mch nuniber  of  the  configuration  wfth  the  inboard 
nacelles was 0.93, which was about 0.03 Ma.& number  lower than that 
for  the  configuration  with and without  the  wing-tip  nacelles. 

Pressure  recove@.- The aerodynamic  properties  of  the  inlet  of  the 
inboard  nacelle  are  presented in figure 9. This W e t  was  located very 
near the  fuselage,  with a gap between  the  lip and fuselage  surface  of 
only 0.35 inch. The size of the  gap, hmever, was determined from con- 
siderations of the  boundary-layer  thickness  that  might  be  present on 
the  fuselage  near  the  inlet.  The  bounckcy-layer  tbichness  was-estimated, 
from  flight-test  data  of a parabolic body of  revolution  presented i n  
reference ILL, to be about 0.28 inch  at M, = 1.8. The  gap was =de 
only 5 percent  greater  than  this  thickness on the  premise  that any 
boundary-layer  buildup  behind  the bow wave (normal shock)  from  the  inlet 
would not  exceed  the  size  of  the  gap and interfere  with  the  flow  into 
the  inlet. 

A comparison  of  the  total-pressure  profiles  after  the  diffuser  of 
the  inlet  for  the  inboard  nacelle and the  isolated  nacelle in figures g ( a )  
and  g(b) shows that  both  nacelles  had  flat  total-pressure  profiles of 
approximately  the  same mgnitude at  corresponding  Mach  numbers.  It  is 
evident  from  this  comparison  that  the boundary layer  on  the  fuselage 
near the  nacelle  inlet did not enter the  inlet  of  the  inboard  nacelle 
to  disturb  the  internal flow. 



The  variations of pressure  recovery  with  Mach  number from 
the  flight  tests of the inboard nacelle and wing-tip  nacelle  (ref. 1) 
and  from  the ground tests  of  the  isolated  nacelle  are  given in figure g ( c ) .  
Good agreement was obtained  between  the  pressure  recoveries  of  the 
nacelles  at  corresponding  %ch  numbers,  indicating  that  the wing ar@ 
f’uselage  had a negligible  effect on the  pressure  recovery of the  nose 
inlet  throughout  the  flight-test  range.  The  total  pressures  measured 
after  diffusion  were  about 98 percent  of  the  free-stream  total  pressure 
at an average  mass-flow  ratio  of 0.7 at  Mach  numbers from 0.8 to 1.3. 
The  inlet  pressure  recovery  as  determined from the ground tests was 
only 3.5 percent  less  than  the  recovery  from a normal  shock  at  Mach 
number 1.75 (fig.  g(c>>  and a mass-flow  ratio of 0.96. 

Figure g(d) s h m  the  variations  of  static  pressure  at  the diffuser 
measuring  station  from M, = 0.8 to 1.75 as  determined by the flight 
and ground tests. 

CONCLUSIONS 

The  results of flight teste  between  Mach  numbers of 0.8 to 1.3 of 
a 45O sweptback-wing-body  configuration  with  nacelles (having NACA 
1-50-250 nose  fnlets)  located at the wing roots and comparisons  with 
the  results  of  previous  tests  of  wing-tip  nacelles  and  isolated  nacelles 
are  as  follons : ... 

1. The  nacelle-plus-interference drag rise  from  the  nacelles was 
in general  dependent on the  nacelle  location  and  in  part  dependent  on 
the  resulting  rate  of  development  of  cross-sectional  area  of  the air- 
craft  configuration. 

2. Little  or no unfavorable  interference  effects  were  obtained 
f r o m  either  the  solid or ducted  inboazd  nacelles  above W c h  number 1.05 
and  below  Mach  number 0.93, whereas,  favorable  interference was obtained 
from the  wing-tip  nacelles  throughout  the  flight  range. 

3 .  The wing and body had a negligible  effect  on  the  total-pressure 
recovery  of  the  inlet  diffuser  in  either  the  inboard  or  wing-tip  nacelle 
positions.  The  total  pressure  after  diffision w&s about 98 percent of 
the  free-stream  total  pressure  at a mass-flow ratio  of  about 0.7 through- 
out  the  flight-test  range. -. 



4. The drag-rise Bkch number of the configuration with the inboard 
nacelles was 0.93, which was about 0.03 &ch number lower than that for 
the configuration with and without  the wing-tip nacelles. 

Langley Aeronautical Laboratory, 
National Advisory Cormittee for Aeronautics, 

Langley Field, Va., A-t 10 , 1953. 
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x, in. 
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.4 
.6 
1.0 
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4 .O 
G .O 
0.0 
12.0 
16 .o 
x) .O 
24 .O 
28 .o 
32 .o 
36 .o 
40 .O 
44 .O 
48.0 
52 .o 
56.0 
60 .O 
64 .O 
66.7 

TABLf3 I1 

COORDINATES OF THE EIACA 65A009 AIXFOIL 

percent  percent 
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4.420 
4 495 
4.485 
4 379 
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3.881. 
3.519, 
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1.074 
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Leading-edge  radius, 
o .00516~ 

1 .  
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9.097 
9 -659 
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Bag L.L. intorraotr 
body a t  mx. dilm. 

kodal ohanoteriatlorr 
Body fineness ratio...................,  10.0 
ling aapeot ratio...................... 6.0 
Wing taper IaCio....................... 0.8 
Mean aerodynamic ehord,ft.. . . . . . . . . . . . .  0.828 
kirfoi l   paral le l  to free 

L t a l  ring plan-form 
a t r ~ . . . . . . . . . . . . . . . . . . . . . . . . .  NACA 6611009 

Exposed dng plan-iom are&, sq f t.. 3.sM 

I3ody frontal araa,.rq it. . . . . . . . . . . . . . .  0.8U 

h p o a e d  f i n  plan-form area 
lbhl frontal IMP, r q  it.............. 0.SW 

( 8  f inr) ,  aq i t  ...................... 0.468 

Finr are f l a t  pPataa and 0.091 inoh thlok dth 

area, aq . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5.878 ... 
Exposed dng frontal ..... rq ft..  ..... 0.299 

0.0461noh raplru a t  edger. 

.......... 
Frontal area of one moal le ,  aq it..... 0.034 
Nolo ln le t   o f   moel le . . . . . . . . .  BIOI 1-M)-2W 

Figure 1.- General aarangement and dimensions of t e s t  model. All dimensions 
axe in inches. 



(b) Ducted nacelle. 
. "  . .  . 

. .  Figure 2.- Detalls and dimensions of solid nacelle,  ducted nacelle, and 
nacelle W e t s  used for the ground tests and flight tests. All 
dimensions m e  in Fnches. 

_t 
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1.20 0.D. 

I , . I  . .  



(c )  Nacelle Installation at wing root .  

(a) Inlet for  flight test. (e) Inlet for pound test. 

Figure 2 .- Concluded. 
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1 

(a) Model  with inboazd  nacelles. 

I I I I I I I I I I 
0 .I .2 .3 .4 .5 .6 .7 .8 .9 1.0 1.1 

(b) Equivalent body of revolution for model with iriboard nacelles. 

- X 
lf 

(c) Cross-sectional- m e a  distribution for model with inboard nacelles. 

Figure 3.-  Cross-sectional area distribution of wing-body-nacelle models. - 

. 
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'I .r 
I I I I I I I I I I I I 

. I  .2 .3 .4 5 .6 7 .8 .9 1.0 1.1 1.2 1.3 

(e) Equivalent body of revolution far model  Kith wlng-tip  nacelles. 

1.6X 

1.2 

$2 -8 

.4 

0 

IC - 

i 
.I .2 .3 -4 .5 .6 .7 .8 .9 1.0 1.1 12 1.3 

Cross-sectional mea distribution far model  with wing-tip  nacelles (ref. I). 

Figure 3 .- Concluded. 
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NACA RM L53H20 

~ 6 1 0 4 9  
(a) %sic configuration  and booster on ra i l  bxmher. 

Figure 4,- Photographs of fli&t models. 



NACA RM ~ 5 3 ~ 2 0  

L-7T7W 1 
(c) Model with ducted nacelles at wing root.  

Figure 4.- Continued. 



Figure 4.- Continued. 
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L-69938.1 
(f) Model with ducted nacelles at w i n g  tips (ref. 1) . 

Figure 4.- Concluded. - 
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0 

With no nacelles, ref. 4 
With ducted Inboard nacelles 

With aalid inboard ,nacelles 

""_ 
" 

" - W l t h  ducted wing-tlp naaelles, ref. 1 

"" with s o u d  d n g - t i p  nacelles, ref. 1 

-8 Ground test nacelle 

.8 .9 I .o 1.1 1.2 13 I .4 15 I .6 I .7 1.8 

M O  

Figure 5.-  Variation of Reynolds number with &ch number for models tested. 
( R e y n o l d s  number based on wing mean aeroaynsmic chord. ) 
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. 

(a) M, = 1.22. (b) M, = 1.42. 

Figure 6.- Shadowgraphs of NACA 1-50-250 nose inlet in preflight Jet .  

. : 
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.05 

.O 4 

CD .03 

.o 2 

.o I 

.9 1.0 1.1 1.2 1.3 
M O  

.9 I .2 1.3 

(b) Variations of nacelle-plus-interference drag coefficients 
with Mach number. 

Figure 7.- Variations  of -totaldrag coefficients  and  nacelle-plus- 
interference  drag  coefficients with Mach number for models  tested. 
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Figure 8.- Variation of mass-flow r a t io  uith Mach number. 
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M, = 0.8 

M, = 1.00 
. .  
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..- 
M, = 1.10 

M, = 1.22 
- I  

(a) Total-pressure  profile  after  diffuser for several Mach numbers as 
determined by flight test  of  inboard  nacelles. 
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M o S  0.8 
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Id, = 1.75 = 
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(b) Total-pressure profile-after diffuser for several  Mach  numbers 
as  determined by ground tests'  of  the  isolated  nacelle. 

Figure 9.- Properties of ducted  nacelle  with  .an NACA 1-50-250 inlet as " 

determined by flight  tests and ground tests. - 
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(d) Vmlation o f  s t a t i c  pressure a f t e r  diffuser with Mach number. 

Figure 9.- Concluded. 
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